Many cross-sectional epidemiological studies have revealed that alcohol consumption is closely related to an increase in blood pressure, which is known to be associated with an elevated serum S -glutamyltransferase (GGT) level, rather than to the volume of alcohol consumed. Since recent studies showed that coffee intake is inversely related to serum GGT, we investigated the effect of coffee on blood pressure in habitual alcohol drinkers. A total of 42 male hypertensive or prehypertensive volunteers who consumed alcohol and coffee daily completed this randomized controlled crossover trial. After a 2-week baseline period, these participants were randomly assigned to either a coffee-drinking group or a non-coffee-drinking group for the first 4 weeks. The situation was then reversed for the next 4 weeks. All participants continued their usual alcohol consumption. Blood pressure was measured once a week and compared between the two groups.
Introduction
Hypertension is one of the most common diseases in middleaged and elderly people in Japan, as well as in Europe and the United States. Hypertension causes the progression of arteriosclerosis, sometimes in combination with lifestyle diseases such as obesity, hyperlipidemia and diabetes mellitus, which are often associated with hypertension. Thus, hypertension places people at higher risk for cardiovascular and cerebrovascular diseases. Since many cross-sectional epidemiological studies and randomized controlled trials have demonstrated that alcohol consumption is closely related to the increase of blood pressure, excessive alcohol intake is considered to be a risk factor of cardiovascular and cere-brovascular diseases. In epidemiological studies in Japan, the prevalence of hypertension in habitual heavy alcohol drinkers is three to four times higher than in abstainers ( 1 ) . Development of hypertension by excessive intake of alcohol, which is considered to be an independent risk factor of hypertension, is not related to salt consumption, obesity or age ( 2 ) .
High blood pressure in heavy alcohol drinkers is known to be associated with an alcohol-induced elevation of the serum γ -glutamyltransferase (GGT) level in the liver, rather than directly to the amount of alcohol consumed ( 3 , 4 ) . Several epidemiological studies have shown that coffee protects against liver damage and coffee intake is inversely related to the serum GGT level, as well as to the levels of serum aminotransferases, independent of age, body-mass index (BMI), alcohol intake and cigarette smoking ( 5 − 7 ) . These findings suggest that increases in blood pressure in alcohol drinkers may be lowered by coffee intake. The effects of drinking coffee on blood pressure in chronic alcohol drinkers remain to be elucidated. Accordingly, we investigated the relationship between coffee intake and blood pressure in habitual alcoholic drinkers using a randomized, crossover controlled study.
Methods

Study Subjects
Forty-four male volunteers, aged 30 to 65 years, were recruited from their workplaces, which consisted of several pharmaceutical companies and a metal foundry. All volunteers had a systolic blood pressure (SBP) ≥ 120 mmHg, diastolic blood pressure (DBP) ≥ 80 mmHg, or both, as measured during annual health check-ups. All of them drank both coffee and alcohol. None had ever received antihypertensive medication. The study was approved by the Mitsukoshi Health and Welfare Foundation Research Committee. All subjects provided written informed consent. Since 2 men dropped out in the course of the study because of transfer, a total of 42 men completed the study.
Investigations
After a 2-week baseline period, participants were randomly assigned to either group A or B. Twenty-one volunteers were enrolled in each group. Group A members were asked to drink more than 3 cups of filtered coffee per day for the first 4 weeks of the study period, and group B was told to stop coffee intake for the first 4 weeks. The situation was reversed for the next 4 weeks. Participants could drink filtered coffee with or without milk and were permitted to drink before, during, or after meals. They could also drink other beverages, such as black tea and green tea, freely. Changes of their lifestyle were checked every week at the time of blood pressure measurement. None of the participants made any changes in their daily lifestyle, such as changes with respect to work, sleep, eating, smoking, or drinking of green tea, soft drinks, or other beverages except for coffee, and all of them maintained their usual alcohol consumption throughout the period. Blood pressure was measured twice during the day (between 10 AM and 4 PM) using an oscillometric blood pressure monitor (Colin BP-103i II; Nippon Colin, Tokyo, Japan) with participants in the sitting position by a nurse who was blinded concerning the treatment phase of the participants. Before blood pressure measurement each participant was allowed a 5-min rest period. They refrained from smoking and strenuous exercise during the previous half hour. Blood was collected before lunch and more than 3 h after the meal. Figure 1 shows the detailed design for the randomized, crossover controlled study. Blood pressure was measured weekly; i.e., 3 times during the 2-week baseline period and weekly during each 4week study period. Blood chemical analyses and measurements of body weight were performed once at the starting point and once during each study period. The 24-h urine was collected during the baseline period and during each study period to measure sodium, potassium, phosphorus, and urea nitrogen (reflecting the intake of salt, fruits and vegetables, processed or instant foods, and protein, respectively) (8) Fig. 1 . Schematic design for a randomized, controlled crossover study testing the effect of coffee intake on blood pressure in 42 men who were not taking any medication and who regularly drank both alcohol and coffee.
using U-Mate, a 24-h urine measuring device based on a proportional sampling method (Akita Sumitomo Bakelite, Akita, Japan) (9) .
The participants were asked to record their daily alcohol and coffee intake. Information on cigarette smoking, body weight, height, alcohol intake, and coffee intake was obtained at baseline.
Statistical Analysis
The sample size was calculated based on a preliminary study with 16 participants, to provide the study with 80% power to detect a 7 mmHg difference in SBP between the two groups at a two-sided α level of 0.05. Significance tests for blood pressure were conducted on the two groups during the first half and second half of the study. Two-way repeated-measures ANOVA was used to compare SBP or DBP for the two groups during each period. Changes of SBP or DBP of the subjects in either group A or B during the first half and second half were compared separately by one-way repeated-measures ANOVA. Changes of urine components, body weight and liver function in group A or group B were also compared with the use of one-way repeated-measures ANOVA. Basic data between the two groups were compared by the unpaired t-test, with the exception of the smoking rate, for which the χ 2 test was used. Statistical analyses were performed with Stat-View 5.0 software (Hulinks, Tokyo, Japan), and all tests of significance were 2-tailed with an α level of 0.05. Table 1 shows a comparison of the baseline characteristics of the participants. Subjects in group A drank 2.6 cups of coffee and 71.9 ml of alcohol per day, and those in group B drank 2.7 cups of coffee and 61.6 ml of alcohol per day. Daily coffee and alcohol consumption did not differ between the two groups. The mean SBP and DBP of group A were 132.9 mmHg and 82.2 mmHg, respectively, and those of group B were 128.8 mmHg and 81.5 mmHg, respectively. SBP and DBP did not differ significantly between the two groups. Age, BMI, and weight were also not significantly different between the two groups. Although the number of cigarettes per day was slightly, but not significantly, higher in group B than group A, the smoking rate was the same between the two groups. Biochemical markers of alcohol consumption, such as high-density lipoprotein cholesterol (HDL-C), GGT, and uric acid, and serum aminotransferases were not significantly different between groups, and there were also no significant differences in creatinine or urine volume per day.
Results
Baseline Characteristics
Coffee and Alcohol Intake
All participants complied with the study requirement of drinking no coffee for 4 weeks. Coffee and alcohol intake in the first half and second half of the study are shown in Fig. 2 . The average daily alcohol consumption for groups A and B was between 61.8 and 73.5 ml ( Fig. 2A) , and the average daily coffee consumption was between 3.3 and 3.6 cups (Fig.  2B ) during the study period. Average daily alcohol consumption for group A and group B during the study period and average daily coffee consumption for group A during the first half or for group B during the second half of the study did not change significantly. Further, the average daily alcohol consumption was not significantly different between the two groups in two-way repeated-measures ANOVA (p= 0.383). Average daily coffee consumption for group A in the first half and for group B in the second half of the study was also not significantly different between the two groups in two-way repeated-measures ANOVA (p= 0.096).
Measurement of Blood Pressure
In the first half of the study the SBP of the subjects in group A, who continued to drink more than 3 cups of coffee, showed a gradual decline compared with the SBP of those in group B, who drank no coffee (Fig. 3A) . In the second half, the SBP of the subjects in group A, who stopped drinking coffee, increased from 1 week after cessation, whereas the SBP of those in group B, who returned to daily coffee intake of more than 3 cups per day, declined slowly from the level of the first half of the study. The SBP of group A declined by about 10 mmHg in the coffee-drinking period, but rose by about 8 mmHg in the non-coffee-drinking period. These changes in the SBP of participants in group A were significant during both the first and second half of the study by one-way repeated measures ANOVA (p= 0.0015 and p= 0.0003, respectively). On the other hand, the SBP of group B did not change significantly in the non-coffee-drinking period (p= 0.2505), but declined by about 7 mmHg over the 4 weeks of the coffee-drinking period (p= 0.1324). The differences in SBP between the two groups were significant during both the first and second half of the study by two-way repeated-measures ANOVA (first half p< 0.05, second half p< 0.001 between group A and group B). The DBP of both groups A and B showed curves similar to those of the SBP (Fig. 3B ). In the one-way repeated-measures ANOVA, the DBP of group A declined significantly by about 7 mmHg in the coffee-drinking period (p< 0.0001), but increased by about 5 mmHg in the non-coffee-drinking period (p= 0.0014), while the DBP of group B showed no significant changes in the non-coffee-drinking period (p= 0.7098), but declined by about 3 mmHg in the coffee-drinking period (p= 0.3290). The DBP differences between the two groups during the first half and second half of the study were significant based on two-way repeated-measures ANOVA (first half p< 0.05, second half p< 0.01 between group A and group B).
Chemical Analyses of Blood and Urine and Changes of Body Weight
Urine excretion of sodium, potassium, phosphorus, and urea nitrogen did not change significantly, and urine volume per day and weight remained stable during the study period in groups A and B based on one-way repeated-measures ANOVA ( Table 2) . Table 3 shows the changes of biochemical markers of liver function, such as aspartate aminotransferase (AST), alanine aminotransferase (ALT) and GGT. These markers decreased slightly due to coffee consumption in both groups, but these changes were not significant in one-way repeated-measures ANOVA.
Discussion
In this study, coffee drinking was observed to significantly lower the SBP and DBP of prehypertensive and hypertensive men with an alcohol-drinking habit. This study was conducted under normal working conditions. While participants usually drank 2.6 to 2.7 cups of coffee per day, average daily
Fig. 3. Line graph with SEM showing changes in systolic blood pressure (SBP) (panel A) and diastolic blood pressure (DBP) (panel B) in groups A and B.
consumption of coffee was between 3.3 to 3.6 cups during the study period. Since participants did not change their lifestyle, including cigarette smoking, physical activity, and eating, during the study period, the results suggest that coffee intake may lower blood pressure significantly in drinkers and that an intake of 3 to 4 cups of coffee a day is feasible for such individuals.
Previous epidemiological studies have produced contradictory findings regarding the association between blood pressure and coffee consumption. A relationship between coffee intake and an increase in blood pressure was reported in a meta-analysis of 11 controlled clinical trials with a median duration of 56 weeks (10) . Recently, after many years of follow-up, a study by Klag et al. reported that coffee drinking was associated with small increases in blood pressure, but appeared not to be closely involved in the development of hypertension (11) . Other epidemiological studies found that habitual coffee drinkers had lower blood pressure than nondrinkers and that mean blood pressure levels decreased with increasing coffee consumption (12, 13) . In some of these epidemiological studies blood pressure could not be measured as precisely as in this study, which may have played a role in the contradictory findings. Although the caffeine in coffee can increase blood pressure, adaptation to this effect is known to occur rapidly, and thus caffeine is not considered to influence blood pressure in habitual coffee drinkers. In a study by Hartley et al., subjects with optimal or normotensive blood pressure were reported to remain normotensive by oral administration of caffeine (14) . Recently, Roberto et al. reported that the blood pressure effects of acute coffee intake were not only due to caffeine but also to some unknown ingredients with sympathetic nerve stimulant function, since decaffeinated coffee had the same effects (15) . However, since they could not find any increase in blood pressure in chronic coffee drinkers, they concluded that coffee is not likely to be a risk factor of hypertension. These conflicting findings have served to obscure the effects of coffee on blood pressure.
In contrast to coffee, many cross-sectional epidemiological studies and controlled studies have demonstrated a link between habitual alcohol consumption and increased blood pressure (2, 16−22) . Recently, a correlation was reported between blood pressure in alcohol drinkers and the GGT level induced by alcohol in the liver, rather than alcohol intake per se ( 3 , 4 ) . Since GGT is considered to be one of the markers of insulin resistance and is correlated with the level of visceral fat, blood pressure may correlate with GGT in alcohol drinkers ( 23 ) . There have been several reports of potential inverse association between coffee intake and serum transaminases or GGT ( 5 − 7 ), which indicates that coffee may protect against liver injury and also suggests that coffee may decrease blood pressure. In this study, transaminases and GGT in chronic alcohol drinkers were slightly, but not significantly, decreased by coffee intake. Since the GGT changes were too small to elucidate the blood pressure effects of coffee in this study, other coffee-induced mechanisms distinct from GGT effects should also be investigated. It has been reported recently that flavonoid-rich foods, such as tea, cocoa, chocolate, coffee or red wine, have antioxidant properties and may reduce cardiovascular disease risk ( 24 − 33 ) . The antioxidant effects of flavonoids in foods are among the potential mechanisms that might underlie the protective effects, which include attenuating the inflammatory process in atherosclerosis, reducing thrombosis, promoting normal endothelial function, and blocking expression of cellular adhesion molecules. The reduction of risk for type 2 diabetes mellitus associated with coffee drinking may also be due to the antioxidative activities of coffee ( 34 − 36 ) . However, the blood pressure effects of dietary antioxidants are not well known. Recently, the water-soluble components of coffee bean extract were reported to induce hypotensive activity in rats ( 37 ) . Further, the chlorogenic acid contained in coffee beans, which has been known to act on nitric oxide derived from the vascular endothelium, might reduce blood pressure by the improvement in vasoreactivity ( 38 ) . Although it might be speculated based on these reports that the antioxidant components of coffee decreased the blood pressure of alcohol drinkers in the present study, the blood pressure effects of these flavonoidrich foods remain to be demonstrated. Sodium is widely prevalent in the food supply and an increase in dietary sodium induces a rise in blood pressure ( 8 ) . In this study, salt consumption was stable during the study period, which indicates that the depressive effect of coffee intake on blood pressure was independent of changes in sodium intake. Furthermore, since the urinary excretion of potassium, phosphorus, and urea nitrogen did not change in either group, we concluded that participants did not change their dietary lifestyle during the study period. And the reductions in SBP and DBP were not related to weight change, since the body weight of all subjects remained stable during the study period.
The present results suggest that, first, alcohol drinkers with hypertension should reduce their intake of alcohol to no more than 30 ml of ethanol per day. In addition, the hypotensive effects of coffee may reduce the prevalence of hypertension in alcohol drinkers, in addition to possibly decreasing the risk of cardiovascular and cerebrovascular disease in alcohol drinkers. However, because coffee might increase blood pressure ( 39 ), inflammation processes ( 40 ) , or the risk of throm-boembolic stroke in older hypertensive patients ( 41 ) , coffee consumption should be recommended for younger and middle-aged alcohol drinkers with hypertension rather than for older hypertensives.
